Mass production of entomopathogenic nematode-bacterium complexes (Steinernema spp./Heterorhabditis spp. -Xenorhabdus spp.) for biological control of insect pests require scaling up of truly monoxenic cultures. Attempts to establish monoxenic cultures of Steinernema feltiae by addition of surface-sterilized dauer juveniles to bacterial lawns of Xenorhabdus boaienii always resulted in polyxenicity of the cultures. Therefore, methods were developed to obtain bacteria-free first stage nematode juveniles either by surface sterilization of nematode eggs or by alkaline lysis of gravid females. The procedures described allow control of the success of the axenization before monoxenic cultures are established. All tested Steinernema spp. and strains (18) reproduced under axenic conditions on untreated sterile rat kidney. The axenic culture of S. carpocapsae reached a density of over 18,000 nematodes/ml in a spinner flask filled with 200 ml liquid medium. Monoxenic cultures of steinernematids were obtained by addition of axenic nematodes to cultures of their specific bacterial symbiont. Attempts to initiate the reproduction of Heterorhabditis spp. in axenic cultures by addition of different growth factors to hatched juveniles were unsuccessful. Hence, monoxenic cultures were established by the combination of bacteria-free first stage juveniles with their specific symbiotic bacterium. They were successful with all tested strains of H. bacteriophora. North-West European Heterorhabditis strains could only be axenized and subsequently cultured under monoxenic conditions when their eggs were obtained by alkaline lysis. Hatching of juveniles after alkaline lysis of Heterorhabditis sp. (strain HSH) and H. bacteriophora (strain HD01) was not influenced by the liquid media used but depended on the state of development of the gravid hermaphrodites on the day of egg isolation. The survival of the juveniles was significantly reduced when the osmolarity of the medium was low. To establish monoxenic liquid cultures of both strains, bacterial suspensions in different growth media were added to the axenic first stage juveniles. Strain HSH developed and reproduced in only one medium and HD01 in 3 of 4 media tested. Under liquid conditions monoxenic cultures of Heterorhabditis spp. were successful only when the juveniles developed to hermaphrodites.
Nematodes
of the rhabditid genera Steinernema and Heterorhabditis, symbiotically associated with bacteria of the genus Xenorhabdus, are biological agents for the control of noxious insects in cryptic habitats. Their efficacy has been proven in numerous application tests (e.g. Klein, 1990; Begley, 1990) Large scale mass propagation of the nematodes requires a truly monoxenic nematode-symbiont culture (Bedding, 1986) . Although certain non-symbiotic bacteria are accepted as a nutritive source by S. carpocapsae, others may totally inhibit nematode growth (Poinar & Thomas, 1966; Boemare et al., 1983; Ehlers et al., 1990) or cause teratogenic effects (Poinar, 1988) . Methods to produce monoxenic cultures have been described (Bedding, 1981; Wouts, 1981) . However, they do not allow the verification of monoxenicity at an early stage of in aitro culturing as surface-sterilized nematodes were directly added to primary form (Akhurst, 1980) Attempts to improve beneficial genetic traits of Heterorhabditis spp. by selection of inbred lines (Fodor et al., 1990; Glazer et al., 1991) also require prolonged in vitro culturing. To avoid loss of nematode lines due to contaminating microorganisms strict monoxenicity of the cultures must be achieved. Steinernema spp. have been found to be specifically associated with certain Xenorhabdus spp., while symbionts of Heterorhabditis spp. have so far only been assigned to X. luminescens (Akhurst, 1983; Akhurst & Boemare, 1988; Pütz et al., 1990; Ehlers et al., 1991) . The identification of X. luminescens isolates with DNA probes has shown that at least 5 subgroups, probably representing different species, exist and that their association is not restricted to particular Heterorhabditis spp. (Smits & Ehlers, 1991) . Characterization of other X. luminescens isolates in feeding experiments revealed similar results (Han et al., 1990) . This would allow the combination of selected heterorhabditids, active at low temperature (Griffin & Downes, 1991) , with bacteria species that propagate within the same temperature range. In this way an improved control potential under outdoor conditions can be achieved. A prerequisite for the establishment of new nematode-bacteria complexes is the availability of nematodes free from all microorganisms.
The objective of the experiments described here was to develop methods to free species and strains of the genera Steinernema and Heterorhabditis from all bacteria and to culture them under axenic or monoxenic conditions. The development and reproduction of some of the nematode strains in mono-and axenic cultures was observed.
